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(54) Drive mechanism and exposure apparatus having the same 



(57) Disclosed is a moving mechanism which in- 
cludes a reference structure having a guide surface, a 
movable portion being movable along the guide surface, 
and an actuator having a movable element disposed at 



the movable portion side and at least two stators, the 
stators being separated from each other and being 
moved by a reaction force produced as the movable por- 
tion is driven. 
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Description 

FIELD OF THE INVENTION AND RELATED ART 

[0001] This invention relates to a moving mechanism s 
suitably usable in a high precision process such as a 
semiconductor lithographic process, for example, and a 
stage system having such mechanism or an exposure 
apparatus having such stage system. 
[0002] The manufacture of semiconductor devices or 10 
the like uses an exposure apparatus of step-and-repeat 
type (called a stepper) in which a pattern of an original 
(reticle or mask) is sequentially printed on different ex- 
posure regions on a substrate (wafer or glass plate) 
through a projection optical system while moving the *5 
substrate stepwise. An alternative is a step-and-scan 
type exposure apparatus (called a scanner) in which 
stepwise motion and scanning exposure are repeated 
so that the printing exposure is repeated to plural re- 
gions on a substrate. Particularly, the step-and-scan 20 
type uses a portion of the projection optical system 
which is relatively close to its optical axis and, therefore, 
it enables high precision and wide view angle exposure 
of a fine pattern. 

[0003] These exposure apparatus have a stage unit 25 
(wafer stage or reticle stage)for moving a wafer or a ret- 
icle at a high speed. Here, moving the stage causes a 
reaction force of an inertia in response to acceleration 
or deceleration. If this is transmitted to a base table, it 
produces swinging motion or vibration of the base table, so 
In response, the natural vibration of the mechanical sys- 
tem of the exposure apparatus is excited., to cause high 
frequency vibration, which adversely affects the high 
speed and high precision positioning of the stage. 
[0004] Many proposals have been made to solve such 35 
problem. Examples are U.S. Patent Nos. 5,260,580, 
5,684,856 and 6,072,183, showing a system in which a 
stator of a linear motor for moving a stage is supported 
by a floor, independently of a stage base table, thereby 
to prevent swinging motion of the stage base table due 40 
to a reaction force. U.S. Patent No. 5, 172, 160 shows 
a system in which, to a machine frame for supporting a 
wafer stage and a projection lens, a force actuator for 
producing a force in a horizontal direction is used to ap- 
ply a compensating force equivalent to a reaction force 45 
caused in response to the stage motion, thereby to re- 
duce the swinging motion of the system by the reaction 
force. 

[0005] In these examples, however, although the 
swinging motion itself of the stage system can be re- so 
duced, the reaction force responsive to the stage motion 
is transmitted directly to the floor or to the floor via a 
member which can be regarded substantially the floor. 
As a result, the floor Is vibrated which then causes vi- 
bration of a peripheral apparatus adjacent to the expo- 55 
sure apparatus. Generally, the floor on which an expo- 
sure apparatus is disposed has a natural vibration fre- 
quency of about 20 - 40 Hz. If the natural frequency of 
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the floor is excited in response to the operation of the 
exposure apparatus, it causes large adverse influences 
to peripheral equipments. 

[0006] The stage acceleration is becoming larger and 
larger due to increases of the processing speed 
(throughput). For a step-and-scan type exposure appa- 
ratus, for example, the largest acceleration of a stage 
reaches 4G (for a reticle stage) or 1 G (for a wafer stage) . 
Further, the mass of the stage is becoming bulky, due 
to increases in size of a reticle or a substrate. For these 
reasons, a driving force that can be defined by "the mass 
of amoving element" as multiplied by "the acceleration" 
becomes very large and, therefore, the reaction force 
thereof is enormous. Thus, the reaction force becomes 
large with the increase of acceleration and weight, and 
vibration of the floor due to the reaction force can not be 
disregarded. 

[0007] Further, the size of the apparatus becomes 
large. In a manufacturing factory in which many produc- 
tion machines should be disposed, the area to be occu- 
pied by these machines is a problem to be considered. 
[0008] On the other hand, the procedure for manufac- 
turing semiconductor devices, constituted by a very fine 
pattern such as LSI or VLSI, uses a reduction projection 
exposure apparatus for projecting and printing a circuit 
pattern formed on a mask onto a substrate in a reduced 
scale, increases in the density of a semiconductor de- 
vice have required further miniaturization of the pattern, 
and many attempts have been made in exposure appa- 
ratuses in this respect. 

[0009] The resolving power of an exposure apparatus 
can be improved by changing the exposure wavelength 
shorter or by enlarging the numerical aperture (NA) of 
a projection optical system. 

[001 0] As regards the exposure wavelength , in place 
of i-Jine (365 nm), KrF excimer lasers having an emis- 
sion wavelength near 248 nm and ArF excimer lasers 
having an emission wavelength near 1 93 nm, have been 
developed. Further, fluorine (F 2 ) excimer lasers having 
an emission wavelength near 157 nm are being devel- 
oped. 

[001 1 ] In relation to deep ultraviolet light, more partic- 
ularly, ArF excimer lasers having a wavelength near 1 93 
nm or F 2 excimer lasers having a wavelength near 157 
nm, it is known that there are plural oxygen (0 2 ) absorp- 
tion bands in zones close to these wavelengths. As re- 
gards fluorine excimer lasers, for example, because of 
the short wavelength of 157 nm, the application of it to 
an exposure apparatus has been attempted. However, 
the wavelength 157 nm is in the wavelength region gen- 
erally called vacuum ultraviolet. In this wavelength re- 
gion, the absorption of light by oxygen molecules is large 
and, therefore, the atmosphere does not transmit most 
of tight. For this reason, it can be applied only in an en- 
vironment in which the pressure is reduced close to vac- 
uum and the oxygen density is made sufficiently low. 
[0G12] Further, the absorption of light by oxygen re- 
sults in production of ozones (0 3 ) which in turn function 
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to strengthen the absorption of light. Therefore, the 
transmission factor becomes very low. Additionally, var- 
ious products attributable to the ozone are deposited on 
the surfaces of optical elements, causing a decrease of 
the efficiency of the optical system. 
[0013] In consideration of this, along an optical path 
of an exposure optical system in a projection exposure 
apparatus having a light source of deep ultraviolet rays 
such as an ArFexcimer laser or a fluorine excimer laser, 
purge means based on an inactive purge gas such as 
nitrogen, for example, is disposed to maintain a low ox- 
ygen concentration along the optical path, of an order 
of a few ppm or smaller 

[0014] As described, in an exposure apparatus using 
deep ultraviolet light, more particularly, an ArF excimer 
laser having a wavelength near 1 93 nm or a fluorine (F 2 ) 
excimer laser having a wavelength near 157 nm, since 
the ArF excimer laser light or F 2 excimer laser light can 
be very easily absorbed by a substance, the optical path 
must be purged to a few ppm order level or lower. This 
is also the case with water or moisture. Similarly, it must 
be removed to a ppm order or lower. 
[0015] Thus, in order to assure a good transmission 
factor to ultraviolet light or a good stability of it, the path 
of ultraviolet light such as a reticle stage, for example, 
of exposure apparatuses is purged by use of an inactive 
gas. For example, U.S. Patent No. 5,559,584 shows a 
structure in which an inactive gas is blown against a pho- 
tosensitive substrate. However, in this example, purging 
the oxygen and water content is insufficient. Japanese 
Laid-Open Patent Application, Laid-Open No. 
279458/1996 shows use of a closing member for cov- 
ering the whole space from the bottom end of a projec- 
tion optical system to a photosensitive substrate. With 
this structure, the motion of the stage is not easy, and it 
is not practicable. 

SUMMARY OF THE INVENTION 

[0016] It is an object of the present invention to pro- 
vide an exposure apparatus by which the influence of 
vibration or swinging motion resulting from the motion 
of a stage can be reduced, and by which a high precision 
can be accomplished. 

[0017] It is another object of the present invention to 
provide an exposure apparatus by which, through re- 
duction of the influence, to the floor, of a reaction force 
caused in response to acceleration or deceleration of 
the stage, the influence which otherwise is applied to 
another machine or machines, disposed on the same 
floor, can be reduced and, also, by which the area to be 
occupied by the machine can be made smaller. 
[0018] It is a further object of the present invention to 
provide an exposure apparatus which uses ultraviolet 
light more particularly, ArF excimer laser light or F 2 ex- 
cimer laser light, wherein, because the absorption of the 
ArF excimer laser light or F 2 excimer laser light by oxy- 
gens or water content is very large, the oxygen concen- 



tration or water concentration must be lowered to attain 
a sufficient transmission factor and a good stability of 
ultraviolet light. The present invention concerns devel- 
opment of effective purge means in relation to a wafer 

s and/or a reticle, which moves along the path of ultravi- 
olet light inside the exposure apparatus. 
[0019] On the basis of these features, the present in- 
vention can provide a device manufacturing method of 
a good productivity, using an exposure apparatus such 

io as described above. 

[0020] These and other objects, features and advan- 
tages of the present invention will become more appar- 
ent upon a consideration of the following description of 
the preferred embodiments of the present invention tak- 

*5 en in conjunction with the accompanying drawings. 
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[0021] 



Figures 1 A and 1 B are schematic views, respective- 
ly, of a moving system according to an embodiment 
of the present invention. 

Figure 2 is a schematic view of a stage according 
to an embodiment of the present invention. 
Figure 3 is a schematic view of a stage according 
to another embodiment of the present invention. 
Figures 4A and 4B are schematic views, respective- 
ly, of an embodiment in which a stage according to 
the present invention is incorporated into an expo- 
sure apparatus. 

Figure 5 is a schematic view of an embodiment in 
which a stage according to the present invention is 
incorporated into an exposure apparatus. 
Figures 6A and 6B illustrate the relationship be- 
tween a stator and a moving element. 
Figures 7A and 7B are schematic views, respective- 
ly, showing a portion close to a reticle stage, In an 
exposure apparatus according to an embodiment 
of the present invention. 

Figure 8 is a schematic view of a semiconductor de- 
vice manufacturing system, as viewed in a certain 
aspect thereof. 

Figure 9 is a schematic view of a semiconductor de- 
vice manufacturing system, as viewed in another 
aspect thereof. 

Figure 1 0 is a schematic view for explaining an ex- 
ample of a user interface. 
Figure 11 is a flow chart for explaining device man- 
ufacturing processes. 

Figure 12 is a flow chart for explaining details of a 
wafer process in the procedure of the flow chart of 
Figure 11. 
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EMBODIMENTS 



[0022] Preferred embodiments of the present inven- 
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tion will now be described with reference to the accom- 
panying drawings. 

[Embodiment 1] 

[0023] Figure 1A is a plan view of a moving system 
according to an embodiment of the present invention, 
and Figure 1 B is a sectional view of the same. 
[0024] In Figures 1A and 1B, a reference structure 4 
is formed with a plane guide surface 6 which provides 
a reference. A movable member 3 Is supported by a stat- 
ic bearing 7, without contact to the plane guide surface 
6, and it is movable in a Y direction. Mounted on the 
opposite sides of the movable element 3 are electro- 
magnetic actuators 8 for moving the movable element 
3 In the Y direction. Each electromagnetic actuator 8 
comprises a movable element 2 as well as stators 1 and 
1 ' which are separated and independent from each other 
with respect to a lateral direction . Here, the left-hand and 
right-hand stators 1 and 1' are supported by a static 
bearing 9 without contact to the plane guide surface 6, 
and they are movable in the Y direction. Also, the stators 
1 and V have a predetermined weight, and they have a 
function as a reaction force counter, to be described lat- 
er. The movable element 2 is connected to a moving unit 
3 which can be moved by the movable element 2 in par- 
allel to the plane guide surface. The moving unit 3 may 
be provided with a top plate 5, for example, so that an 
article to be moved can be placed there. The moving 
unit 3 as a whole, including the movable element 2, con- 
stitutes a moving structure which can be moved in the 
Y direction by means of the electromagnetic actuators 
8 having movable elements 2 and stators 1 and V. 
[0025] The left-hand and right-hand stators 1 and 1 ' 
receive a drive reaction force of the force which func- 
tions to move the moving unit 3 as a whole, including 
the movable eiement2. With this drive reaction force, the 
stators 1 and V displaces along the plane guide surface 
6. Through this motion of the stators 1 and V along the 
plane guide surface 6, the stators 1 and 1 1 can function 
as a reaction force counter. In this embodiment, if, for 
example, the moving unit 3 as a whole moves in the pos- 
itive (+) Y direction, the stators t and 1' receive a drive 
reaction force in the negative (-) Y direction and thus 
they shift in the negative Y direction. 
[0026] In this embodiment, each electromagnetic ac- 
tuator comprises a right-hand linear motor which in- 
cludes a moving element 2 and a stator 1 , and a left- 
hand linear motor which includes a moving element 2 
and a stator 1*. The left-hand and right-hand linear mo- 
tors have a stator provided by a coil, and a moving ele- 
ment provided by a permanent magnet. However, the 
structure may be reversed. In order to control the mov- 
ing system, one or more interferometers (not shown) 
may be provided to perform the positioning of the mov- 
ing element 2 and the reference structure 4. Similarly, 
in order to accomplish the positioning of a reaction force 
counter, moving along a plane, the position of the stator 



6 

may be measured by using an interferometer, not 
shown. 

[0Q27] In this embodiment, the reaction force during 
acceleration or deceleration as the moving unit 3 as a 

5 whole of the moving system moves is received by the 
stators 1 and 1', as a reaction force counter. Through 
the motion of these stators 1 and 1 ' (reaction force coun- 
ter), the reaction force is converted into a kinetic energy. 
Also, since the action force and the reaction force there- 
to of are confined within the plane of the plane guide sur- 
face 6 provided on the reference structure 4, vibration 
of the machine reference structure 4 by the reaction 
force can be prevented. Additionally, external distur- 
bance to the floor on which the machine is placed can 

15 be avoided, such that production of vibration inside and 
outside the machine can be prevented. Moreover since 
the independent stators 1 and 1 1 (reaction force counter) 
move along the machine reference structure 4 in ac- 
cordance with the acceleration of the moving unit 3 as 

20 a whole (moving member) , any eccentric or biased load 
as the moving member moves can be made small, and 
thus the overlay precision is Improved. Namely, in ac- 
cordance with this embodiment, since the stators 1 and 
V move in a direction opposite to the direction in which 

25 the moving member moves, any displacement of the po- 
sition of the gravity center of the whole structure, includ- 
ing the moving member and the stators, can be sup- 
pressed, such that the biased load as the moving mem- 
ber moves can be made small. 

so [0028] Further, in accordance with this embodiment, 
the left-hand and right-hand stators 1 and V are provid- 
ed independently from each other. As a result, even if 
the left-hand and right-hand electromagnetic actuators 
produce different outputs, these stators are moved sep- 

35 arately to cancel the reaction force. The left-hand and 
right-hand actuators may produce such different out- 
puts, for example, in a case where the moving member 
should be rotationally moved In a 0 direction, or a case 
where an article placed on the moving member has a 

40 biased load with respect to X direction . for example. 
[0029] Although this embodiment has been described 
with reference to an example wherein the electromag- 
netic actuator moves the moving member in the Y direc- 
tion, the present invention is not limited to this. For ex- 

45 ample, the moving member may be moved in X and Y 
directions. In that occasion, the electromagnetic actua- 
tor may preferably comprise a mechanism for producing 
a driving force in X and Y directions and applying the 
same to the moving member Also, in that occasion, the 

50 stators 1 and 1 ' may be supported by the static bearing 
9 with respect to the plane guide surface 6. and movably 
in the X and Y directions. 

[Embodiment 2] 

55 

[0030] Figure 2 shows an embodiment in which a 
stage according to the present invention is provided with 
position measuring means and driving means, for posi- 
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tioning a movable portion thereof. 
[0031] Like the first embodiment, a reference struc- 
ture 4 has a plane guide surface 6 formed thereon to 
provide a reference. A movable element (not shown) is 
supported by a static bearing, without contact to the 5 
plane guide surface 6, and it is made movable In X and 

Y directions. Mounted on the opposite sides of the mov- 
able element 3 are electromagnetic actuators for mov- 
ing the movable element 3 through a long stroke in the 

Y direction, and through a short stroke in the X direction, w 
Each electromagnetic actuator comprises a movable el- 
ement 2 as well as stators 1 and 1 1 which are separated 
and independent from each other with respect to a lat- 
eral direction. Here, the left-hand and right-hand stators 

1 and t 1 are supported by a static bearing 9 without con- *5 
tact to the plane guide surface 6, and they are movable 
in X and Y directions (along a plane). Also, the stators 
1 and 1 1 have a predetermined weight, and they have a 
function as a reaction force counter, to be described lat- 
er. The left-hand and right-hand movable elements 2 20 
have two, left-hand and right-hand movable portion Y 
magnets 1 0 and two, left-hand and right-hand movable 
portion X magnets 11 . attached to them. Also, there is 
a top plate 5 mounted on a movable portion, the whole 
of which is not shown in the drawing. The top plate 5 25 
functions as an X-Y stage, and it is moved by the moving 
elements 2 in a direction parallel to the plane guide sur- 
face 6. inside each stator 1 or 1', there are an X-axis 
linear motor single-phase coil 1 2 and a Y-axis linear mo- 
tor multi-phase coil 1 3 comprising plural coils arrayed in 30 
the Y direction. By changing these coils, X-axis and Y- 
axis motion is carried out. 

[0032] The positional information about the top plate 
5 (X-Y stage) is measured by a laser interferometer 
which comprises a laser head 1 6, a Y-axis measurement 35 
mirror 17, an X-axis measurement bar mirror 18, two, 
left-hand and right-hand Y-axis measurement detectors 
19, and two, front and rear X-axis measurement detec- 
tors 20, for example. The Y-axis position of the stators 
1 and 1' is measured by means of two, left-hand and 40 
right-hand stator Y-axis measurement detectors 21. 
Further, the X-axis position of the top plate 5 is meas- 
ured by projecting laser light to optical elements 22 and 
22' mounted on the top plate 5, in the Y direction. This 
measurement light is reflected or deflected in the X-axis 45 
direction toward the X-axis measurement bar mirror 1 8, 
whereby the position is measured by means of the X- 
axis measurement detectors 20. 
[0033] The X-Y stage of this embodiment can be used 
as a reticle stage or a wafer stage in an exposure appa- so 
ratus, and an original (reticle) or a substrate (wafer) can 
be placed on the top plate 5 (X-Y stage) of the moving 
unit. 

[0034] The moving unit having an original (reticle) or 
a substrate (wafer) placed on its top plate 5 is moved by 55 
electromagnetic actuators, having moving elements 
and stators 1 and 1\ in the X and Y directions. The sta- 
tors 1 and 1" receive a drive reaction force of the force 



acting on the motion of the moving unit as a whole. With 
this drive reaction force, the stators 1 and 1' move along 
the plane guide surface. Through the motion of the sta- 
tors 1 and 1 ' along the plane guide surface 6, the stators 

I and 1' function as a reaction force counter. In this em- 
bodiment, if, for example, the moving unit as a whole 
moves in the positive (4-) Y direction, the stators 1 and 

I I receive a drive reaction force in the negative (-) direc- 
tion, and they move in the negative Y direction. The ef- 
fect of the reaction force counter is substantially the 
same as that of the preceding embodiment. 

[0035] In this embodiment, there are two Y-axis posi- 
tion controlling linear motors 14 provided on the refer- 
ence structure 4, which serve to push back the stators 
1 and 1' having moved in the Y-axis direction by an 
amount greater than a predetermined distance. Also, 
there are four X-axis position controlling linear motors 
15 provided on the reference structure 4, which serve 
to push back the stators 1 and 1' having moved in the 
X-axis direction by an amount greater than a predeter- 
mined distance. With this arrangement, if the movable 
portion moves by an amount greater than a predeter- 
mined, the stators 1 and V are moved similarly by an 
amount larger than a predetermined. However, by 
means of the Y-axis position controlling linear motors 14 
and the X-axis position controlling linear motors 15, the 
stators 1 and 1 ' can be controlled and placed at the pre- 
determined position. Further, even if there occurs a de- 
viation in the stator position due to the influence of fric- 
tion or resistance, for example, by using the Y-axis po- 
sition controlling linear motors and/or the X-axis position 
controlling linear motors, and without using a drive of 
the electromagnetic actuators, the stator position can be 
corrected. 

[0Q36] The exposure apparatus of this embodiment 
can be applied as a step-and-scan type scanning expo- 
sure apparatus in which an exposure is carried out while 
scanningly moving a reticle and a wafer in synchronism 
with each other so that a reticle pattern is printed and 
transferred onto one shot region on the wafer and, by 
moving the wafer stepwise, patterns are transferred to 
plural shot regions sequentially. However, the present 
invention is not limited to a step-and-scan type exposure 
apparatus. It is effective also to a step-and-repeat type 
exposure apparatus in which the wafer stage is moved 
stepwise, at a high speed. 

[0037] in accordance with this embodiment, the reac- 
tion force during acceleration or deceleration as the X- 
Y stage moves is received by the stators, such that, 
through the motion of these stators in the direction op- 
posite to the X-Y stage, the reaction force is converted 
into a kinetic energy. As a result, vibration of the X-Y 
stage system can be prevented, and the overlay preci- 
sion, the iinewidth precision and the throughput in the 
exposure process can be improved. Further, since the 
two stators (reaction force counters) move along the 
machine reference structure in accordance with the ac- 
celeration of the X-Y stage, the biased load as the X-Y 
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stage moves can be made small, and the overlay preci- 
sion can be improved. 

[Embodiment 3] 

[0038] Figure 3 shows an embodiment in which an X- 
Y stage according to the present invention has a stator 
position controlling actuator which is mounted on an ex- 
ternal structure separate from the reference structure, 
rather than being mounted on the reference structure as 
in the second embodiment. 

[0039] In Figure 3, those portions common to Figure 
2 are illustrated without reference numerals. Like the 
first embodiment, a reference structure 4 has a plane 
guide surface 6 formed thereon to provide a reference. 
A movable element (not shown) is supported by a static 
bearing, without contact to the plane guide surface 6, 
and it is made movable in X and Y directions. Mounted 
on the opposite sides of the movable element are elec- 
tromagnetic actuators for moving the movable element 
through a long stroke In the Y direction, and through a 
short stroke In the X direction. Each electromagnetic ac- 
tuator comprises a movable element 2 as well as stators 
1 and 1' which are separated and independent from 
each other with respect to a lateral direction. Here, the 
left-hand and right-hand stators 1 and 1 ' are supported 
by a static bearing without contact to the plane guide 
surface 6, and they are movable in X and Y directions 
(along a plane). Also, the stators 1 and 1 ' have a prede- 
termined weight, and they have a function as a reaction 
force counter to be described later. The left-hand and 
right-hand movable elements 2 have two, left-hand and 
right-hand movable portion Y magnets 1 0 and two, left- 
hand and right-hand movable portion X magnets 11 , at- 
tached to them. Also : there is atop plate 5 mounted on 
a movable portion, the whole of which is not shown in 
the drawing. The top plate 5 functions as an X-Y stage, 
and it is moved by the moving elements 2 In a direction 
parallel to the plane guide surface 6. Inside each stator 
1 or V, there are an X-axis linear motor single-phase 
coil 12 and a Y-axis linear motor multi-phase coil 13 
comprising plural coils arrayed in the Y direction. By 
changing these coils, X-axis and Y-axis motion is carried 
out. 

[0040] The positional information about the top plate 
5 (X-Y stage) is measured by a laser interferometer 
which comprises a laser head, a Y-axis measurement 
mirror, an X-axis measurement bar mirror, two, left-hand 
and right-hand Y-axis measurement detectors, and two, 
front and rear X-axis measurement detectors, for exam- 
ple. The Y-axis position of the stators 1 and V is meas- 
ured by means of two, left-hand and right-hand stator Y- 
axis measurement detectors. Further, the X-axis posi- 
tion of the top plate 5 is measured by projecting laser 
light to optical elements mounted on the top plate 5, in 
the Y direction. This measurement light is reflected or 
deflected in the X-axis direction toward the X-axis meas- 
urement bar mirror, whereby the position is measured 



by means of the X-axis measurement detectors. 
[0041 ] In this embodiment, for the stators 1 and 1 two 
Y-axis position controlling linear motors 1 4 are provided 
on an external structure 23, and they function to push 
s back the stators 1 and V as they moved in the Y-axis 
direction by an amount larger than a predetermined. 
Similarly, for the stators 1 and V, there are four X-axis 
position controlling linear motors 15 which are mounted 
on the external structure 23, to push back the stators 1 
10 and 1" as they moved in the X axis direction by an 
amount greater than a predetermined. 
[0042] The external structure 23 is isolated from the 
reference structure 4 with respect to vibration. As a re- 
sult, when the X-Y stage is moved by an amount greater 
15 than a predetermined and thus the Y-axis position con- 
trolling linear motors 14 and the X-axis position control- 
ling linear motors 1 5 are driven to bring the stators 1 and 
1 ■ to their predetermined positions, the drive reaction 
force resulting therefrom is not transmitted to the refer- 
20 ence structure 4 and thus precise positioning of the mov- 
able portion on the reference structure can be accom- 
plished. Particularly, where it Is necessary to move the 
stators 1 and 1' back to their predetermined positions 
quickly, even if the control band of the position control- 
's ling linear motor is raised, the drive reaction force of the 
position controlling linear motor is not transmitted to the 
reference structure 14. 

[Embodiment 4] 

30 

[0043] Figures 4A and 4B show an embodiment in 
which an exposure apparatus according to the present 
invention is applied to a fine-motion stage (six-axis mo- 
tion stage) on which a 6 and Z-axis tilt stage is mounted. 

35 [0044] In Figures 4A and 4B, a top plate 5 is provided 
with a wafer chuck 30 and a position measuring bar mir- 
ror 50. The wafer chuck 30 serves to vacuum attract a 
wafer (the subject to be positioned) and hold the same. 
Bar mirrors 50 and 51 reflect measurement light from a 

*o laser interferometer, not shown. The top plate 5 is float- 
ed from an X-Y slider 38, by means of a self-weight com- 
pensator (not shown) using a magnet, without contact 
to the slider, and it has a freedom with respect to six- 
axis directions. Further, the top plate 5 can be minutely 

45 driven in six-axis directions (X, Y, and Z directions as 
well as rotational directions about them), by means of 
an actuator for producing a driving force between the 
top plate 5 and the X-Y slider 38. The six-axis fine motion 
actuator comprises two linear motors in X direction, one 

so linear motor in Y direction, and three linear motors in Z 
direction. Where the two X-direction fine motion linear 
motors are driven in opposite directions, the top plate 
can be moved about the Z axis (i.e., in 9 direction). Thus, 
by adjusting the driving forces of the three Z-dlrection 

55 fine motion linear motors,, the top plate can be moved 
about the X axis (wX direction) and about the Y axis (wY 
axis direction), respectively. Further, the coil which 
serves as a stator of the fine-motion linear motor is pro- 
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vided at the X-Y slider 38 side, white the permanent 
magnet which serves as a movable element of the fine- 
motion linear motor is provided at the top plate side. 
[0045] The X-Y slider 38 top plate is mounted on the 
X-Y slider 38 being movable along the X-Y plane 
through a long stroke. The X-Y slider 38 is guided by an 
air bearing (static pressure bearing) 35 along an X guide 
bar 28 and a Y guide bar 29. On the other hand, the X- 

Y slider 38 is guided with respect to the Z direction, by 
means of an air bearing (static pressure bearing 35, 
along the top surface of the reference structure 4. 
[0046] Adjacent to the opposite ends of the X-guide 
bar 28 and the Y guide bar 29, there are movable ele- 
ments (magnets) 26 and 27 of the linear motors, in re- 
sponse to the flow of electric currents to the two X and 

Y linear motor stators (coils), a Lorentz force is pro- 
duced, such that the X guide bar 28 can be moved in 
the Y direction while the Y guide bar 29 can be moved 
in the X direction. The linear motor stators (coils) 24 and 
25 are guided along the top surface of the reference 
structure 4, by means of an air bearing (static pressure 
bearing), with respect to the Z direction, and they have 
a freedom with respect to X and Y directions (along a 
plane). 

[0047] Now, the motion of the X-Y slider 38 in the X 
direction will be explained. When the Y guide bar is 
moved in the X direction by the Lorentz force described 
above, a force in the X direction is applied to the X-Y 
slider 38 through the static bearing 35. Here, the X-Y 
slider and the Y guide bar will be called an X movable 
unit. Where the X movable unit is accelerated or decel- 
erated, a reaction force thereof is applied to the X linear 
motor stator 25. Since the X linear motor stator 25 is 
supported by the static bearing 34, movably in the X and 

Y directions , due to this reaction force, the X linear motor 
stator 25 moves in the X direction. The acceleration and 
speed of the motion is determined by the ratio between 
the mass of the X linear motor stator 25 and the mass 
of the X movable unit. For example, if the mass of the 
X linear motor stator 25 is 200 Kg per each while the 
mass of the X movable unit is 40 Kg, the ratio of mass 
is 10:1. Therefore, both the acceleration and speed of 
the X linear motor 21 is one-tenth (1/10) of the X mov- 
able unit. In this manner, through the motion of the X 
linear motor stator 25 in the X direction, in the reference 
structure no X-direction reaction force is applied to the 
X linear motor stator 25. 

[0048] Further, by setting the gravity center of the X 
movable unit and the point of producing the force of the 
X linear motor, with respect to the Z direction, at the 
same level, production of a moment force in the wY di- 
rection can be suppressed. Therefore, the application 
of a drive reaction force to the reference structure 4 can 
be avoided. Similarly, by setting the point of producing 
a force of the X linear motor stator 22 and the gravity 
center of the X-linear motor stator 25, with respect to 
the Z direction, at the same level, production of a mo- 
ment force in the wY direction can be prevented. 



[0049] The X-linear motor stator 25 is provided with 
at least two linear motors 33 for controlling the position 
of the linear motor stator, with respect to the X direction, 
as well as at least one linear motor 33 for controlling the 
5 position of the linear motor stator with respect to the Y 
direction, both for maintaining the relative position with 
respect to the reference structure 4. These linear motors 
33 for controlling the position of the linear motor stator 
function to prevent that, even if the X movable unit is 
10 moved beyond a predetermined range, the linear motor 
stator goes out of a predetermined movement range. 
Further, even if there occurs a positional deviation due 
to friction or resistance as the linear motor stator 25 
moves, it can be corrected. 
15 [0Q50] While the foregoing description concerns the 
X direction, the same applies to the Y direction. 
[0051 J In this embodiment since the X-Y slider is 
movable in X and Y directions, the driving force to be 
produced by the linear motor is different in accordance 
20 with the position of the X-Y slider. For example, if in Fig- 
ure 4A the X-Y slider 38 moves in the positive (+) Y di- 
rection and thereafter it moves in the positive (+) X di- 
rection, since the X-Y slider as it moves in the positive 
X direction is on the side close to the positive Y direction , 
25 only the driving force as produced by the upper X linear 
motor, as viewed in the drawing, is largerthan the driving 
force of the lower X linear motor, as viewed in the draw- 
ing. This is because, if in such occasion the outputs of 
these X linear motors are the same, a moment in 9 di- 
sc rection will be applied to the X-Y slider 38. If the stators 
are connected to each other into an integral structure, 
depending on the position of the X-Y slider, a moment 
in 6 direction may be applied when the drive reaction 
force is being canceled, in this embodiment, even if the 
35 driving forces of the linear motors are different, since the 
linear motor stators are supported independently from 
the reference structure, while being movable In X and Y 
directions, each stator can function to cancel the drive 
reaction force, independently of each other. 

40 

[Embodiment 5] 

[0052] Referring to Figure 5 : an embodiment of a scan 
type exposure apparatus in which a stage system ac- 

45 cording to the preceding embodiment is incorporated as 
a wafer stage, will be explained. 
[0053] A barrel base 39 is supported by a floor or a 
base structure 40, through a damper 41 . Also, the barrel 
base 39 functions to support a reticle base table 42 and 

so to support a projection optical system 45 disposed be- 
tween a reticle stage 43 and a wafer stage 44. 
[0054] The wafer stage is supported by a stage base 
table 46 which is supported by the floor or the base 
structure, and it functions to perform the positioning of 

55 a wafer placed thereupon. On the other hand, the reticle 
stage is supported by a reticle stage base table which 
is supported by the barrel base. The reticle stage is mov- 
able while carrying thereon a reticle having a circuit pat- 
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tern formed thereon. The exposure light for printing the 
reticle placed on the reticle stage 43 upon the wafer be- 
ing placed on the wafer stage 44, is supplied by an illu- 
mination optical system 47, 

[0055] The wafer stage 44 is scanningly moved in 
synchronism with the reticle stage 43. During the scan 
of the reticle stage 43 and the wafer stage 44, the posi- 
tions of them are detected continuously by using respec- 
tive interferometers, and the detected positions are fed 
back to the driving unit of the reticle stage 43 and the 
wafer stage 44. With this arrangement, the scan start 
position of these stages can be synchronized with each 
other, and also the scan speed in a constant-speed scan 
region can be controlled very precisely. During a period 
in which the reticle and the wafer are scanned relative 
to the projection optical system . the reticle pattern is 
printed on the wafer by which a circuit pattern is trans- 
ferred to it. 

[0056] The exposure light may be ultraviolet light such 
as fluorine excimer laser, ArF excimer laser and KrF ex- 
cimer laser, for example. 

[0057] In this embodiment, since a stage system with 
which the influence of a reaction force, to the floor, due 
to the acceleration and deceleration of the stage, in the 
preceding embodiment, is reduced is used as a wafer 
stage, vibration or swinging motion can be reduced, and 
thus high speed and high precision exposure is accom- 
plished. 

[Embodiment 6] 

[0058] Where the electromagnetic actuator compris- 
es a linear motor having a movable element and a stator, 
the movable element and the stator may have an tele- 
scopic structure such as shown in Figure 6 A or an open 
structure such as shown in Figure 6B. In Figures 6Aand 
6B, there are electromagnetic actuators each having a 
movable element 2 and left-hand and right-hand stators 
1 and 1\ being separated and independent from each 
other. Here, the left-hand and right-hand stators 1 and 
1 ' function also as a reaction force counter having a pre- 
determined weight. They are movable along the plane 
guide surface 6 on the reference structure 4. In the case 
of a telescopic structure such as shown in Figure 6A, 
the stators 1 and 1 ' are supported at the opposite ends 
of the straight direction. At the opposite ends, they can 
move freely along the plane guide surface 6 of the ref- 
erence structure 4. The movable element 2 is connected 
to a moving unit 3 being movable in parallel to the plane 
guide surface by the moving element 2. A top plate 5, 
for example, may be provided on the movable unit 3, so 
that an article to be moved can be placed there. On the 
other hand, where an open structure such as shown in 
Figure 6B is used, the structure and function will be the 
same as has been described with reference to the first 
embodiment. 

[0059] Ordinary moving systems, X-Y stages and ex- 
posure apparatuses may use any one of the telescopic 



structure and the open structure. However, as de- 
scribed, in an exposure apparatus using ultraviolet light 
as the exposure light, oxygens and water content along 
the path of ultraviolet light must be purged completely 

5 [0060] Figures 7A and 7B shows an exposure appa- 
ratus according to an embodiment of the present inven- 
tion, in which the relationship between a stator and a 
movable element of a linear motor in an X-Y stage is 
based on an open structure, not a telescopic structure. 

10 There is a shielding wall provided inside the stator, and 
it extends from an illumination optical system to an end 
face of a substrate structure which serves also as a pro- 
jection optical system, including a movable unit on which 
a reticle is placed. The inside space of this wall is purged 

15 by using an inactive gas. 

[0061] Figure 7A Is a perspective view about an X-Y 
stage on which a reticle is placed, and Figure 7B is a 
section as viewed from a direction A in Figure 7A. 
[0062] In Figure 7A, there are electromagnetic actua- 

20 tors mounted on a reference structure 4 having a plane 
guide surface 6. Each electromagnetic actuator com- 
prises a movable element 2 (permanent magnet) and 
left-hand and right-hand stators 1 and V. The stators 1 
and 1' are separated and independent from each other, 

25 and each has coils 48a and a yoke 48b. The stators 1 
and 1 1 function also as a reaction force counter having 
a predetermined weight. They can be moved freely 
along the plane guide surface 6 of the reference struc- 
ture 4. Mounted on a movable unit 3 having left-hand 

30 and right-hand movable elements 3 is a top plate 5. This 
top plate 5 functions as an X-Y stage, A reticle 52 is 
placed on the top plate 5, and it can be moved by the 
movable elements 2, in parallel to the plane guide sur- 
face 6. Mounted on the top plate 5 are a mirror of an 

35 interferometer, or bar mirrors 52a, 52b and 52c. These 
components cooperate with detectors 49a, 49b and 49c 
as well as a laser head (not shown), or the like, to pro- 
vide an interferometer. 

[0063] As shown in Figure 7B, there is a shielding wall 
53 for covering the movable elements 2, the movable 
unit 3, the top plate 5, the reticle 52 as well as the mir- 
rors, bar mirrors and detectors which constitute an inter- 
ferometer. The shielding wail 53 extends from the illu- 
mination optical system 54 to an end face of a substrate 
structure, which functions also as the projection optical 
system 55. Particularly, the stators 1 and I'have an open 
structure, not a telescopic structure. The inside space 
of the shielding wall is purged by an inactive gas, against 
impurities. 

so [0Q64] In this manner, the relation between the stator 
and the movable element of the linear motor for the 
stage is based on an open type structure, and a shield- 
ing wall is provided between the stator and the movable 
element. Also, the inside space is purged against impu- 

55 rities, by using an inactive gas. As a result, even if fluo- 
rine laser light is used, the transmission factor is not at- 
tenuated by oxygen or water, and a good stability of it is 
assured, Further, the purge space around a reticle can 
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be made compact, and the replacing time of inactive gas 
can be made short. Moreover, because the stator is out- 
side the purge space, it is not influenced by degassing 
from the stator. 

[0065] While this embodiment has been described 
with reference to a one-axis drive reticle stage, the ret- 
icle stage may be made movable in the X-axis direction 
about a movable element, thereby to provide an X-Y 
stage. Further, a 0 Z tilt stage may be mounted to pro- 
vide a six-axis movable wafer stage. 

[Embodiment of Semiconductor Manufacturing System] 

[0066] Next, an embodiment of a manufacturing sys- 
tem for semiconductor devices such as semiconductor 
chips (e.g., IC or LSI), liquid crystal panels, CCDs, thin 
film magnetic heads, or micro-machines, for example, 
will be described. This system is arranged so that repair 
of any disorder occurring in a production machine 
placed in a semiconductor manufacturing factory or pe- 
riodic maintenance thereof or, alternatively, a mainte- 
nance service such as software supply, can be made by 
use of a computer network outside the manufacturing 
factory. 

[0067] Figure 8 is a schematic view of a general struc- 
ture of the production system, in a certain aspect there- 
of. Denoted in the drawing at 1 01 is a business office of 
a vendor (machine supplying maker) for providing sem- 
iconductor device manufacturing apparatuses. As ex- 
amples of such production machines, here, pre-process 
machines (various lithographic apparatuses such as an 
exposure apparatus, a resist coating apparatus, an 
etching apparatus, for example, as well as a heat treat- 
ment apparatus, a film forming apparatus, and a flatten- 
ing apparatus) and post-process machines (an assem- 
bling machine and an inspection machine, for example) 
are assumed. Inside the business office 101 , there are 
a host control system 1 08 for providing maintenance da- 
tabase for the production machines, plural operating ter- 
minal computers 110, and a local area network (LAN) 
109 for connecting them to constitute an intranet. The 
host control system 108 is provided with a gateway for 
connecting the LAN 109 to an internet 105 which is an 
outside network of the office, and a security function for 
restricting the access from the outside. 
[0068] On the other hand, denoted at 102 - 104 are 
plural manufacturing factories of a semiconductor man- 
ufacturer or manufacturers as a user (users) of produc- 
tion machines. The factories 102 - 104 may be those 
which belong to different manufacturers or to the same 
manufacturer (e.g., they may be a pre-process factory 
and a post-process factory). In each factories 1 02 - 1 04, 
there are production machines 1 06, a local area network 
(LAN) 111 for connecting them to constitute an intranet, 
and a host control system 107 as a monitoring system 
for monitoring the state of operation of the production 
machines 1 06. The host control system 1 07 in each fac- 
tory 1 02 - 1 04 is provided with a gateway for connecting 



the LAN 111 in the factory to the internet 105 which is 
an outside network of the factory. With this structure, the 
host control system 108 of the vendor 101 can be ac- 
cessed from the LAN 111 in each factory, through the 
5 internet 105. Further, due to the security function of the 
host control system 108, only admitted users can ac- 
cess thereto. More specifically, through the internet 1 05 , 
status information representing the state of operation of 
the production machines 106 (for example, the state of 
io the machine in which any disorder has occurred) may 
be transmitted as a notice from the factory to the vendor. 
Additionally, any response information which is respon- 
sive to the notice (that is, for example, information on 
how the disorder should be treated or software data con- 
*s cerning the treatment) as well as a latest software pro- 
gram and maintenance information such as help infor- 
mation, may be supplied fromthe vendor. The data com- 
munication between each factory 1 02 - 1 04 and the ven- 
dor 1 01 as well as the data communication through the 
LAN 111 in each factory, may use a communication pro- 
tocol (TCP/IP) generally used in the internet. In place of 
using the internet, an exclusive line network (e.g., ISDN) 
controlled with a strictest security that an access of a 
third party is not allowed, may be used. Further, the host 
control system is not limited to the system as provided 
by the vendor. A database may be structured by the user 
and it may be set in an outside network, such that it can 
be accessed from plural user factories. 
[0Q69] Figure 9 is a schematic view of a general struc- 
ture of the production system according to this embod- 
iment,, in another aspect thereof different from that of 
Figure 8. In the preceding example, plural user factories 
each having production machines and the control sys- 
tem of the vendor of the production machines are con- 
nected with each other through an external network, so 
that, through this external network, information related 
to the production control in each factory or information 
related to at least one production machine can be data 
communicated. In this example, as compared therewith, 
a factory having production machines supplied from dif- 
ferent vendors and control systems of these vendors 
corresponding to the user production machines are con- 
nected with each other through an external network, out- 
side the factory, so that the maintenance information for 
these production machines can be data communicated. 
[0070] Denoted in the drawing at 201 is a manufac- 
turing factory of a production machine user (i.e., a sem- 
iconductor device manufacturer). Along the production 
line in the factory, there are many production machines 
for performing various processes, that is, in this exam- 
ple, an exposure apparatus 201 , a resist processing ap- 
paratus 203, and a film formation processing apparatus 
204 introduced. Although only one factory 201 is illus- 
trated in the drawing, in practice, plural factories may be 
arranged into the network. Each production machine in 
the factory is connected through a LAN 206 to constitute 
an intranet. The operation of the production line is con- 
trolled by a host control system 205. 
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[0071] On the other hand, in the business offices of 
vendors (machine supplying makers) such as an expo- 
sure apparatus manufacturer 210, a resist processing 
machine manufacturer 220, and a film forming machine 
manufacturer 230, for example, there are host control s 
systems 2 1 1 , 221 and 21 3 for performing remote control 
maintenance for the machines they supplied. Each of 
these host control systems is equipped with a mainte- 
nance database and a gateway for the outside network. 
The host control system 205 for controlling the ma- 10 
chines in the user factory and the control systems 211 , 
221 and 231 of the machine vendors are connected with 
each other through the external network 200 (internet) 
or an exclusive line network. If, in this production sys- 
tem, any disorder occurs in any one of the production is 
machines in the production line, the operation of the pro- 
duction machine is stopped. However, this can be met 
quickly through the remote control maintenance for the 
disordered machine, from the corresponding machine 
vendor and by way of the internet 200. Therefore, the 20 
suspension of the production line is short. 
[0072] Each of the production machines in the factory 
may have a display, a network interface and a computer 
for executing network accessing softwares, stored in a 
storage device, as well as machine operating softwares. 25 
The storage device may be an internal memory or a hard 
disk or, alternatively, it may be a network file server. The 
network accessing softwares may include an exclusive 
or wide-use web browser, and an user screen interface 
such as shown in Figure 10, for example, may be pro- 30 
vided on the display. Various data may be inputted into 
the computer (input zones on the screen) by an operator 
who controls the production machines in each factory, 
such as, for example, machine type (401 ), serial number 
(402) : trouble file name (403), date of disorder (404), 35 
emergency level (405), status (406), solution or treat- 
ment (407), and progress (408) . The thus inputted infor- 
mation Is transmitted to the maintenance database 
through the internet. In response, appropriate mainte- 
nance information is replied from the maintenance da- *o 
tabase to the user's display. Further, the user interface 
as provided by the web browser enables a hyperlink 
function (410 - 412) as illustrated. As a result, the oper- 
ator can access further details of information in each 
items, or he/she can get a latest version software to be *s 
used for the production machine, from the software li- 
brary as provided by the vendor. Alternatively, the oper- 
ator can get an operation guide (help information) pre- 
pared for factory operators. 

[0073] Next, a semiconductor device manufacturing so 
process which uses the production system described 
above, will be explained. 

[0074] Figure 1 2 is a flow chart of a general procedure 
for manufacture of microdevices. 

[0075] Step 1 is a design process for designing a cir- ss 
cuit of a semiconductor device. Step 2 is a process for 
making a mask on the basis of the circuit pattern design. 
Step 3 is a process for preparing a wafer by using a ma- 



terial such as silicon. Step 4 is a wafer process (called 
a pre-process) wherein, by using the so prepared mask 
and wafer, circuits are practically formed on the wafer 
through lithography. Step 5 subsequent to this is an as- 
sembling step (called a post-process) wherein the wafer 
having been processed by step 4 is formed into semi- 
conductor chips. This step includes an assembling (dic- 
ing and bonding) process and a packaging (chip seal- 
ing) process. Step 6 is an inspection step wherein op- 
eration check, durability check and so on for the semi- 
conductor devices provided by step 5, are carried out. 
With these processes, semiconductor devices are com- 
pleted and they are shipped (step 7). 
[0076] The pre-process and the post-process may be 
performed in separate exclusive factories. In each fac- 
tory, the maintenance is carried out on the basis of the 
remote maintenance system described hereinbefore. 
Further between the pre-process factory and the post- 
process factory, data communication for the information 
related to the production control and the machine main- 
tenance may be done by use of the internet or an exclu- 
sive line network. 

[0077] Figure 13 is a flow chart showing details of the 
wafer process. 

[0078] Step 11 is an oxidation process for oxidizing 
the surface of a wafer. Step 12 is a CVD process for 
forming an insulating film on the wafer surface. Step 13 
is an electrode forming process for forming electrodes 
upon the wafer by vapor deposition. Step 14 is an ion 
implanting process for implanting ions to the wafer. Step 
15 is a resist process for applying a resist (photosensi- 
tive material) to the wafer. Step 16 is an exposure proc- 
ess for printing, by exposure, the circuit pattern of the 
mask on the wafer through the exposure apparatus de- 
scribed above. Step 1 7 is a developing process for de- 
veloping the exposed wafer. Step 1 8 is an etching proc- 
ess for removing portions other than the developed re- 
sist Image. Step 19 is a resist separation process for 
separating the resist material remaining on the wafer af- 
ter being subjected to the etching process. By repeating 
these processes, circuit patterns are superposedly 
formed on the wafer. 

[0079] Since the machines used In these processes 
are maintained through a remote maintenance system 
as described above, any disorder may be prevented be- 
forehand. If it occurs, it can be met quickly. Therefore, 
the device productivity can be improved significantly. 
[0080] In a moving system and a stage according to 
the present invention, a reaction force during accelera- 
tion or deceleration as a movable portion moves is re- 
ceived by a stator. The stator having reaction force re- 
ceived moves, by which the reaction force is converted 
into a kinetic energy of the stator, whereby the stator 
functions as a reaction force counter. With this structure, 
vibration of the machine reference structure produced 
by the reaction force of the moving system or the stage 
can be prevented. Also, since the two stators move 
along the machine reference structure, in accordance 
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with the acceleration of the moving element, any biased 
load as the moving element moves can be made small. 
[0081] In accordance with an exposure apparatus 
having a stage described above, the influence of vibra- 
tion or swinging motion resulting from the motion of the 
stage can be reduced, such that the overlay precision, 
the linewidth precision, the throughput can be improved. 
Further, since the biased ioad as the moving element 
moves can be made smaller, the overlay precision can 
be improved. Further because the influence of the re- 
action force, due to the acceleration or deceleration of 
the stage, can be reduced, the influence to the other ma- 
- chines placed on the same fioor, can be made smaller 
Also, enlargement the area to be occupied by the appa- 
ratus can be prevented. 

[0062] Second, in an exposure apparatus of the 
present invention using ultraviolet light, the purge space 
around a reticle stage can be made compact and, there- 
fore, the replacement time is shortened. Also, since the 
stator is outside the purge space, the effect of degassing 
of the stator is avoided. The transmission factor at the 
path of ultraviolet light, more particularly, fluorine laser, 
as well as the stability of the same are assured. As a 
result, high precision and high throughput exposures 
are accomplished. 

[0083] While the invention has been described with 
reference to the structures disclosed herein, it is not con- 
fined to the details set forth and this application is in- 
tended to cover such modifications or changes as may 
come within the purposes of the improvements or the 
scope of the following claims. 



Claims 

1. A moving mechanism, characterized by a refer- 
ence structure having a guide surface; a movable 
portion being movable along the guide surface; and 
an actuator having a movable element disposed at 
the movable portion side and at least two stators, 
said stators being separated from each other and 
being moved by a reaction force produced as the 
movable portion Is driven. 

2. A moving mechanism according to Claim 1 , wherein 
said stators are movable along the guide surface. 

3. A moving mechanism according to Claim 1 or 2, 
wherein said stators are movable in two-dimension- 
al direction along the guide surface. 

4. A moving mechanism according to any one of 
Claims 1 - 3, wherein said actuator is a linear motor 
having a movable element and a stator. 

5. A moving mechanism according to Claim 4, wherein 
the stator of said linear motor is provided by a coil, 
and the movable element of said linear motor is pro- 



vided by a permanent magnet. 

6. A moving mechanism according to Claim 4, wherein 
the stator of said linear motor is provided by a per- 

5 manent magnet, and the movable element of said 
linear motor is provided by a coil. 

7. A moving mechanism according to any one of 
Claims 1 -6, further comprising a position measur- 

10 ing device and a driving mechanism, for positioning 
a reaction force counter being moved along a plane 
due to a drive reaction force of said movable portion 
as received by the stators. 

15 8. A stage having a moving mechanism as recited in 
any one of Claims 1 -7, and having a position meas- 
uring device and a driving mechanism for position- 
ing a movable portion. 

20 9. A stage according to Claim 8. further comprising an 
actuator for controlling the position of the stator. 

10. A stage according to Claim 8 or 9, wherein said 
stage is movable in six-axis directions and having 

25 a 9 and 2 tilt stage mounted thereon. 

11. An exposure apparatus, comprising: 

exposure means for projecting a portion of acir- 
30 cult pattern on a substrate through a projection 

optical system, and for printing a predeter- 
mined exposure region of the pattern of the 
original on the substrate; and 
a stage as recited in any one of Claims 8-10, 
35 for moving the original and/or the substrate for 

exposure thereof. 

12. An apparatus according to Claim 11, wherein the 
exposure is performed by scanning exposure in 

^0 which the original and the substrate are scannlngly 
moved relatively to the projection optical system 
whereby a predetermined exposure region of the 
pattern of the original is scanningly printed on the 
substrate, and wherein, for the scan, the original 

45 and/or the substrate is moved by said stage. 

13. An apparatus according to Claim 11 or 12, wherein 
said stage is connected to a barrel base on which 
the projection optical system is mounted. 

50 

14. An apparatus according to any one of Claims 11 - 
13, wherein ultraviolet light is used as exposure 
light. 

55 15. An apparatus according to Claim 14, wherein the 
ultraviolet light is laser light from a laser source. 

16. An apparatus according to Claim 15, wherein the 
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laser fight is fluorine excimer laser. 

17. An apparatus according to Claim 15, wherein the 
laser light is ArF excimer laser. 

18. An apparatus according to any one of Claims 11 - 
17, wherein, in said stage, the relation between a 
stator and a movable element of a linear motor is 
based on ah open structure, and wherein a shield- 
ing wall is provided inside the stator, said shielding 
wall extending from an illumination optical system 
and/or a projection optical system to the substrate 
structure, while enclosing a movable portion having 
the movable element, the inside space being 
purged by use of an inactive gas. 

19. An apparatus according to Claim 18, wherein an 
interf erometerf or use as position measuring means 
is provided in a purge area inside the shielding wall. 

20. An apparatus according to Claim 19, wherein the 
reaction force counter is supported by an actuator 
for producing a thrust in a straight direction, and 
wherein a drive reaction force in the straight direc- 
tion is received by a reaction force receiving struc- 
ture being supported by the floor, separately from 
the stage base. 

21. A device manufacturing method, comprising the 
steps of : 

providing a group of production machines for 
various processes, including an exposure ap- 
paratus as recited in any one of Claims 1 1 - 20, 
in a semiconductor manufacturing factory; and 
producing a semiconductor device through plu- 
ral processes using the production machine 
group. 

22. A method according to Claim 21 , further comprising 

(i) connecting the production machines of the group 
with each other through a local area network, and 

(ii) executing data-communication concerning infor- 
mation related to at least one production machine 
of the production machine group, between the local 
area network and an external network outside the 
semiconductor manufacturing factory. 

23. A method according to Claim 21 , wherein a data- 
base provided by a vendor or a user of the exposure 
apparatus can be accessed through the external 
network so that maintenance information related to 
the production machine can be obtained through 
the data communication, and wherein production 
control can be performed on the basis of data com- 
munication made through the external network and 
between the semiconductor factory and a separate 
semiconductor factory. 
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24. A semiconductor manufacturing factory, compris- 
ing: 

a group of production machines for various 
processes, including an exposure apparatus as 
recited in any one of Claims 11 - 20; 
a local area network for connecting the produc- 
tion machines of the production machine group 
with each other; and 

a gateway for enabling an access from the local 
area network to an external network outside the 
factory; 

wherein information related to at least one pro- 
duction machine in the group can be data com- 
municated by use of the local area network and 
the gateway. 

25. A method of executing maintenance for an expo- 
sure apparatus as recited in any one of Claims 11 - 
20, provided in a semiconductor manufacturing fac- 
tory, said method comprising the steps of: 

preparing, by a vendor or a user of the exposure 
apparatus, a maintenance database connected 
to an external network outside the semiconduc- 
tor manufacturing factory; 
admitting an access from the semiconductor 
manufacturing factory to the maintenance da- 
tabase through the external network; and 
transmitting maintenance information stored in 
the maintenance database to the semiconduc- 
tor manufacturing factory through the external 
network. 



35 26. An apparatus according to any one of Claims 11 - 
20, further comprising a display, a network interface 
and a computer for executing a network software, 
wherein maintenance information related to said 
exposure apparatus is data communicated through 
the computer network. 



27. An apparatus according to Claim 26, wherein the 
network software provides on the display a user in- 
terface for accessing a maintenance database pre- 
pared by a vendor or a user of said exposure appa- 
ratus and connected to an external network outside 
a factory where said exposure apparatus is placed, 
thereby to enable obtaining information from the da- 
tabase through the external network. 

28. A movable stage assembly for supporting an origi- 
nal or a substrate in an exposure apparatus, com- 
prising: 

a reference surface; 

a stage mounted for movement on said refer- 
ence surface in at least one direction; and 
drive means comprising a movable element 
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and a stator wherein 

the movable element is mounted for movement 
with the stage, and 

the stator is mounted for movement on said ref- 
erence surface in at least said one direction. s 
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